-S2- Figure S3 .
13 C NMR spectrum of Cd (OAc) 
DOSY NMR
All DOSY NMR measurements were carried out at 300K, unless otherwise stated, with variable temperature gas flow of 535 l· h -1
. All DOSY processing was performed using the TopSpin 3.1 software package and diffusion coefficients were extracted by analyzing the signal decays using the Stejskal-Tanner Equation. S3, S4 Individual rows of the psuedo-2-D diffusion spectrum were phased and baseline corrected.
The measurements were carried out without sample spinning and were usually repeated at least twice. In the case of 1 H DOSY studies of Cd(OA) 2 , a very useful resonance is that of the alkene protons at ~ 5.5 ppm since it is well resolved and is not overlapped with any resonance from the internal references. Therefore, the diffusion coefficient for Cd(OA) 2 is extracted from this resonance. Based on our experience, for a given sample the uncertainty in the diffusion coefficient determined by 1 H DOSY is less than 5% as estimated by measuring the same sample several times using the same pulse sequence under slightly different experimental conditions (e.g., gradient pulse, diffusion delay, etc) and processing parameters. In the case of 113 Cd DOSY the discrepancy can increase up to 10%.
Pulse programs. To correct for convection, the convection compensating double-stimulated echo pulse sequence dstebpgp3s was used for samples in a J-Young NMR tube, or in the case of the 113 Cd DOSY experiments, the standard single-stimulated echo pulse sequence stebpgp1s was used with the sample in a 3 mm NMR tube. S4, S5, S6 
Method verification.
To compare possible deviations in diffusion values obtained by the three pulse programs due to gradient or amplifier non-linearity, a "doped water" standard (1% H 2 O in D 2 O, with 0.1% GdCl 3 and 0.1% 13 CH 3 OH, purchased from Bruker BioSpin P/N Z100933) was used. A diffusion time of 100 ms and a total gradient pulse width of 2000 s were used for all pulse programs (a pair of bipolar 1000 s pulses). The temperature was controlled at 298K as calibrated with a solution of 80% ethylene glycol in DMSO-d 6 . A total of 16 spectra were acquired for each of the pulse programs, with gradient strength varied linearly between 2% and 95%.
The diffusion coefficient for the water resonance was determined using TopSpin (Bruker BioSpin, Billerica, US). Diffusion coefficients of 1.740 x 10 -9 m 2 /s and 1.917 x 10 -9 m 2 /s were obtained with the stebpgp1s and dstebpgp3 pulse programs, respectively. Thus, to ensure the accuracy of comparison, the same pulse sequence, sample, and experimental conditions were used whenever 1 H and 113 Cd DOSY data were compared.
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Synthesis of cadmium oleate complex, Cd(OA) 2 Oleic acid (99%, 4.550 g, 16.1 mmol) and CdO (0.518 g, 4.03 mmol) were combined in a 3 -neck flask. The mixture was degassed at 100º C and then heated at 190º C under flowing N 2 . A colorless solution was obtained which was heated at 190º C for an additional 20 min. After that, the solution was cooled to 110°C and degassed for 20 min. The solution was cooled to room temperature and acetone was added to precipitate Cd(OA) 2 as a white solid, which was isolated by centrifugation in air, washed with acetone (5 x 10 ml) and dried in vacuo overnight. Note: Two resonances in the carbonyl region suggest the presence of different chemical environments for COO, possibly a result of different coordination modes. This preliminary conclusion was also supported by the complex broad shape of the CH 2 COO resonance which suggests the presence of different environments for the alpha oleate protons. However, no free HOA was detected in the Cd(OA) 2 complex (see Figures S7 and S8) . Further studies are being carried out to probe the origin of the observed line shape and its dependence on the synthesis and purification conditions.
Synthesis of SePMe 3
Trimethylphosphine (2.50 g, 32.86 mmol) was added to a vial and cooled to -30º C. Se powder (2.725 g, 34.51 mmol) was then added slowly to the vial inside a glove box. The mixture was stirred for 24 hours at room temperature to give a white precipitate.
CH 2 Cl 2 (5 mL) was added to dissolve the white precipitate and unreacted Se was removed by filtration. Addition of hexane and slow evaporation at reduced pressure gave white microcrystals which were stored in a glove box. Figure S10 ), suggesting coordination of octylamine to cadmium.
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-S8- C NMR spectrum. No other resonance besides that attributed to octylamine was observed, suggesting a fast exchange on the NMR time scale between free octylamine and coordinated octylamine to cadmium (see also 113 Cd NMR spectrum, Figure S1 ).
Note: No formation of N-Octylacetamide as a result of reaction between octylamine and acetate was observed in any experiment performed in this work. Figures S2-S4 ).
In all these experiments the NMR samples were not diluted with deuterium solvent to preserve the original condition. Deuterium field lock was turned off during the whole measurement, and the static field was shimmed by 1 H gradient shimming on the most intense resonance of the 1 H spectrum, using the TopShim algorithm incorporated in the Bruker TopSpin software. Note: Since the experiments were carried without addition of deuterium solvent to preserve the original condition of the sample and in a 3mm-NMR tube to prevent convection, the chemical shifts of 1 H and 113 Cd NMR spectra are slightly different in comparison to the ones using a DMSO capillary as an internal lock (i.e., 113 Cd  = 155.1 ppm vs 154.6 ppm, see Figure S1 ).
1 H DOSY NMR: Formula weight determination for cadmium acetate complexes in octylamine.
All the experiments were carried out in air in a 3 mm NMR tube using the same sample prepared in the previous experiment. Polystyrene (MW = 2400) and 4,4′-di-tert-butylbiphenyl (MW = 266.42) were added as internal references; their amount was adjusted to give adequate signal for the DOSY experiment (integration ratio 1:1:3 for CH 3 group of Cd(OAc) 2 , aromatic protons of 4,4′-Di-tert-butylbiphenyl and aromatic protons of polystyrene, respectively) . In all these experiments the NMR samples were not diluted with deuterium solvent to preserve the original condition. Deuterium field lock was turned off during the whole measurement, and the static field was shimmed by 1 H gradient shimming on the most intense resonance of the 1 H spectrum, using the TopShim algorithm incorporated in the Bruker TopSpin software. Note: 1. A FW=799 was obtained for the cadmium complex using two internal references. If the solvent, octylamine, was introduced in the calibration curve, a similar value of FW = 825 was estimated for the cadmium acetate and a good correlation of the values of the three internal references is obtained with a high r 2 = 0.9976. We caution the use of octylamine carefully since a fraction of it is interacting with the cadmium complex and also because the solvent does not fit the criterion specified for application of the Stokes-Einstein equation, which is based upon the assumption that the solution is infinitely diluted and the solute molecule is much larger in size than the solvent molecule. Nevertheless, a good correlation was obtained and a similar FW was predicted for the cadmium complex when octylamine was used as an additional internal reference.
2. As the result of the addition of relative large amounts of polystyrene and 4,4′-Di-tert-butylbiphenyl, slight decreases in the diffusion coefficients for octylamine and Cd(OAc) 2 were observed due to the increase of viscosity. However, because the change of viscosity will impact diffusion constants of both sample and references, the estimated FW should not be affected to a significant degree.
3. We note that the FW obtained by DOSY are underestimated, due to the fact that the complexes contain a heavy cadmium atom, which is absent in the reference molecules. Nevertheless, these two measured FW are very close to the expected ones for a monomeric or dimeric cadmium complex
-S13-Solution NMR study of cadmium oleate in toluene-d 8 .
Copies of NMR spectra for cadmium oleate Figure S7 . were dissolved in CDCl 3 (2 mL) and 0.6 mL of the solution were taken for NMR study.
Note: Oleate resonances are sharp as a result of phosphine oxide coordination to the cadmium complex (see the discussion about the addition of ligands to Cd(OA) 2 in the manuscript and in the SI).
-S14- 
-S15- 
-S16- was broader than that observed for cadmium acetate in octylamine (fwhm =15Hz, see Figure S1 ). This sample was prepared by dissolving approximately 50 mg of Cd(OA) 2 in 1 mL of toluene-d 8 .
Note: A similar 113 Cd resonance was observed at the same chemical shift (-9.1 ppm) for a more diluted samples in toluene (10 mg/mL and 3mg/mL).
-S17- ms. Below: a more concentrated sample with a mixing time of 500 ms. Strong negative crosspeaks, characteristic of slowly tumbling molecules (large molecules) are observed in both cases.
-S18-
H DOSY NMR: Formula weight determination of cadmium oleate in toluene
In a glove box Cd(OA) 2 (30 mg, 0.0444 mmol) was dissolved in 3 ml of toluene-d 8 . This Cd(OA) 2 solution (0.6 mL) was transferred inside a glovebox into a J-Young NMR tube and studied by 1 H-DOSY. A second J-Young NMR tube containing 3 mg MMA and 3 mg of polystyrene (MW=13200) was introduced into the glovebox and 0.6 mL of the Cd(OA) 2 solution were added. The resulting solution was also studied by 1 H DOSY NMR. After that, a small drop of DMS (MW = 28500) was added as a third internal reference to the second J-Young NMR tube and the 1 H DOSY measurements were repeated. table S2 ).
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-S20-
H DOSY NMR studies in the presence of other internal references: polystyrene standards
No evidence of interaction between oxygen-containing internal references (MMA or DMS) and Cd(OA) 2 was observed in our study; very similar diffusion coefficients for Cd(OA) 2 were obtained before and after the addition of those internal references (see table S2 ). Also, another sample was prepared in a similar manner as described above: 0.6 ml of Cd(OA) 2 solution was added inside a glove box to a JYoung NMR tube containing Polystyrene (MW= 13200), MMA (MW= 68500) and poly-isoprene (MW=75500) as internal references to give a FW = 19000 for Cd(OA) 2 . Nevertheless, we also studied Cd ( -S21-
Addition of ligands to Cd(OA) 2 dissolved in toluene.
In a glove box a stock solution was prepared by dissolving Cd(OA) 2 (40 mg, 0.059 mmol) in 4 ml of toluene-d 8 . To this solution 60 L of ODE and 20 mg of polystyrene (MW=2400) were added as internal references for the DOSY experiments and the resulting stock solution was kept in a glovebox for the following experiments.
Effect of octylamine. To a J-Young NMR tube was added 0.6 ml (6mg, 0.0089 mmol of Cd(OA) 2 ) of the stock solution. This sample was studied with DOSY without the addition of any ligand. After that, increasing amounts of octylamine were successively added to the same NMR tube in the glovebox: 2.2L (0.013mmol, 1.5 eqv), 3.7L (0.022 mmol, 2.5eqv,) and 7.3L (0.044 mmol, 5 eqv). The exact amount of octylamine present in each experiment was determined by 1 H NMR.
Effect of OPMe 3 . Two J-Young NMR tubes were loaded with 2.7mg (0.029 mmol, 3.3eqv) and 6.2mg (0.067mmol, 7.6 eqv) of OPMe 3 , respectively and transferred to a glovebox where 0.6mL of the stock solution were added to each sample. The obtained solutions were studied by NMR.
Effect of SePMe 3 . Two J-Young NMR tubes were loaded with 3.5mg (0.0225 mmol, 2.5 eqv) and 6.0mg (0.039 mmol , 4.3eqv) of SePMe 3 , respectively and transferred to a glovebox where 0.6 mL of the stock solution were added to each sample. The obtained solutions were immediately studied by NMR. After each DOSY experiment was finished, 1 H and 31 P NMR experiments were carried out to confirm that there was no reaction between SePMe 3 and Cd(OA) 2 . No OPMe 3 or oleic anhydride was observed, showing that the reaction did not significantly progress during the time taken to carry out the DOSY experiments.
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-S22- shown as the 'external projection'. Only the aromatic/olefinic region of the spectra was shown for the sake of clarity. The 1 H NMR resonances for oleate, initially very broad, drastically sharpen after the addition of OPMe 3 as can be seen for the olefinic oleate resonance shown in the 'external projection'.
-S24- shown as the 'external projection'. Only the aromatic/olefinic region of the spectra was shown for the sake of clarity. The 1 H NMR resonances for oleate, initially very broad, drastically sharpen after the addition of SePMe 3 as can be seen for the olefinic oleate resonance shown in the 'external projection'.
-S25- Table S6 ). Note that under these more concentrated conditions higher concentrations of internal references are needed in order to have comparable intensity signals with respect to that of Cd(OA) 2 . -S27- Note: Figure S19 shows both positive (blue) and negative (green) crosspeaks for octylamine and oleate resonances. This is in contrast with the NOESY spectrum of Cd(OA) 2 in toluene (see Figure S11) where the oleate resonances are connected by strong negative cross-peaks, associated with slow tumbling and in agreement with a polymeric structure. The NOESY spectrum and the sharpness of the oleate signals after the addition of amine agrees with the breakdown of the Cd(OA) 2 polymer into smaller species. A cross-peak that deserves a closer look is the one between CH 2 COO and NH 2 -CH 2 (highlighted with a circle) since it connects protons on different molecular species (CH 2 COO protons from the oletate and CH 2 N form the amine). The cross-peak should originate from intramolecular cross-relaxation of protons that are close to other in space, strongly suggesting that both molecules at one point are simultaneously coordinated to cadmium (see Figure S21 ). Other, much weaker cross-peaks between oleate and amine resonances are observed: between CH 2 -CO and NH 2 -, and between CH 2 CH 2 COO and CH 2 NH 2 . Finally, it is worth mentioning that the negative cross-peak involves protons close to the coordination point of the metal centre (amine and carboxylic functionalities) in contrast with positive cross-peaks observed for protons of the chain far- -S30-ther away from the metal centre (see for instance the crosspeaks involving the olefinic protons of the oleate chain), suggesting restricted motion of the protons closer to the metal centre compared to a greater segmental mobility at the free end of the alkyl chain. Observations of positive and negative NOEs cross-peaks for different regions of the same molecule due to different segmental motion has already been reported in the literature. S7-S9 A ROESY experiment (see Figure S20 ) confirmed that the crosspeak observed between CH 2 COO and NH 2 -CH 2 arises from intramolecular cross-relaxation of protons that are close to each other in space. Note: 1. The spectrum only shows crosspeaks of oppositely signed intensity to the diagonal peaks. The ROESY experiment features all
NOEs cross-peaks with oppositely signed intensity to the diagonal peaks, regardless of the molecular tumbling rate and in contrast to NOESY where NOEs cross-peaks can be positive or negative. S10, S11 The ROESY experiment confirms that the crosspeak observed between CH 2 COO and NH 2 -CH 2 arises from intramolecular cross-relaxation of protons that are close to each other in space, strongly suggesting that both molecules at one point are simultaneously coordinated to cadmium (see Figure S21 ).
2. The NH 2 resonance appears 0.3 ppm downfield with respect to the previous sample due to different experimental conditions (different sample concentration, amount of octylamine and spectrometer used).
-S31- Scheme S1. While our results showed by 1 H and 113 Cd NMR DOSY that cadmium acetate exists in octylamine forming discrete complexes no more highly aggregated than a dimer, Buhro and coworkers has recently shown by low-angle XRD that cadmium acetate in octylamine existed as a lamellar mesophase which was proposed to be responsible for templating the growth of flat CdSe nanocrystals. S12 One possible explanation to reconcile the two studies is that there is a dynamic equilibrium between the lamellar structure observed by low-angle XRD and small cadmium species observed by DOSY. In the presence of a fast equilibrium, DOSY measures an averaged diffusion constant.
Therefore, DOSY may not detect the presence of large scale assemblies if their concentration is low. Low-angle XRD, on the other hand, will selectively detect the presence of ordered structures but will not detect the presence of small cadmium complexes. If the equilibrium is slow on the NMR time scale we would expect to be able to observe individual signals for the species involved in the equilibrium. Even though only a single sharp signal is observed in the 113 Cd NMR spectrum (see Fig S1) , we cannot completely rule out the possibility of having equilibrium because the lamellar mesophase could produce a signal broad enough to prevent its detection by NMR. The mechanism by which discrete complexes units assemble to form the lamellar mesophase (i.e non-covalently or covalently) is unclear.
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